Management of non-native fish species is informed by monitoring their temporal and spatial distribution. There are few published analyses of temporal patterns of established non-native fish species.
Introduction
Humans affect aquatic ecosystems through intentional and unintentional introductions of species beyond their native range. When humanintroduced, non-native species become established they change the ecology of their non-native range (Lockwood et al. 2013) . Humans then impose value judgments (e.g., benign, undesirable, harmful, or beneficial) on the impacts of those changes to guide potential management responses. For example, impacts like reduced natural biodiversity, habitat modification, increased disease, and decreased human economies and health are considered harmful (Olden and Poff 2005; Dudgeon et al. 2006; Rahel 2007; Pfeiffer and Voeks 2008) . The United States government defines invasive species as non-native to a particular ecosystem (complex of a community of organisms and its environment) capable of propagation whose introduction by humans does or is likely to cause economic or environmental harm or harm to human health (National Invasive Species Council 2014). This definition recognizes that society does not prejudge a non-native species as necessarily invasive. Beneficial impacts like increased food production, new or improved sport fisheries, biological control of other invasive species, enhanced ornamental industry, or increased species richness may also occur (Clarkson et al. 2005; Sagoff 2005; Galil 2007; Gozlan 2008) . These non-native species may or may not be considered invasive. Lockwood et al. (2003) provided a useful fivestage model for studying the process by which non-native species may be considered invasive. A non-native species is transported and introduced by humans beyond its native range, becomes established, spreads, and has human-perceived negative impacts. UNEP (2008) suggested that "trends in invasive alien species" is a promising indicator of threats to ecosystems, and "number of invasive alien species in each country" may be a measure of the indicator. At the very least, these data might quantify the success of efforts to impede invasions by "keeping them out" . It is useful, therefore, to monitor the global distribution and impacts of non-native species to minimize harmful risks and capitalize on benefits of future introductions (Crossman 1991; Olden and Poff 2005) . But, there are few published analyses of temporal patterns in established non-native fish species (Cohen and Carlton 1998; Lockwood et al. 2013) .
Although there are some temporal data on non-native fish introduced into the U.S. (e.g., Nico and Fuller 1999; Fuller et al. 1999; Fuller 2003 for freshwater species), the number of invasive (i.e., harmful) fish species established in the U.S. is unknown. The rate of increase of established non-native fish species in the U.S., a necessary first step in determining trends in the number of invasive species in the U.S., has not been quantified. Courtenay and Hensley (1980) reported an exponential trend in the number of established non-native fish species (not restricted to invasive species) in North America from 1 in 1680 to 35 in 1980. Although they did not provide data for the U.S. separate from Canada, Welcome (1988) reported that 70 non-native fish species had been introduced into the continental U.S. by 1985, and 45 species had become established by 1989 (Crossman 1991) . However, Nico and Fuller (1999) reported that 38 foreign freshwater species had become established in U.S. open waters by 1998 (an apparent decrease of 7 species in 10 years).
Data contained in the American Fisheries Society (AFS) lists of fish names may be useful in addressing this inadequacy. AFS has periodically published lists of non-native fishes established in the continental U.S. since the 1940s after forming the Committee on Common and Scientific Names of Fishes in 1948 (American Fisheries Society 1948 . The Committee developed a list of common names of fishes occurring in the continental U.S. and Canada corresponding to accepted scientific names to achieve nomenclature uniformity. The only non-native species included in the first list were "Introduced Carps" (goldfish Carassius auratus (Linnaeus, 1758), carp Cyprinus carpio Linnaeus, 1758, and tench Tinca tinca (Linnaeus, 1758)). The Second Edition (American Fisheries Society 1960) included all native and successfully introduced species without distin-guishing between the two groups. Since 1960, the lists have been updated five times (about every 10 years) and have identified separately native and non-native fish species established in each of the continental U.S. and Canada. The objective of this study was to use the AFS lists to quantify temporal trends in the number of established non-native fish species in the continental U.S.
Methods
The AFS editions of "Common and Scientific Names of Fishes from the United States and Canada" (Bailey et al. 1970; Robins et al. 1980 Robins et al. , 1991 Nelson et al. 2004; Page et al. 2013 ) were used to tabulate, by year, all species listed as "Introduced" (species not native to the U.S. that are established within the geographic areas to which each list applied) into the continental U.S.. The AFS definition of "introduced" includes those species which are "established." Therefore, I use the term "established" instead of "introduced" (i.e., species introduced but not established are not included). The 1970 and 1980 lists did not specify whether introduced fish were introduced into the U.S. or Canada or both, but later editions did. Information in the later editions was used to infer whether or not earlier introductions were applicable to the U.S. The number of species and families listed in each AFS edition were counted, and temporal trends of species and families were determined by fitting regressions using standard linear regression techniques (Draper and Smith 1966) .
Results
There were 66 non-native fish species, representing 19 families, listed by AFS in 2013 as established in the continental U.S., about 2.5 times more than were listed in 1970 (Table 1) (Table 1) .
Almost all non-native fish species were established in fresh water. Three species (chameleon goby Tridentiger trigonocephalus (Gill, 1858), red lionfish Pterois volitans Linnaeus, 1758, and devil firefish P. miles (Bennett, 1828)) were not.
The chameleon goby occurs in estuaries, and both Pterois spp. occur in the Atlantic Ocean and Gulf of Mexico.
The diversity of the families represented in the non-native fish community also increased about 2.5 times from 1970 through 2013 (Figure 1) . The temporal trend is expressed as:
where Y = number of families and X = year. The regression explained 94.4% of the variation in the data (adjusted R 2 ). Cichlids, cyprinids, and poeciliids were the most represented families during the 43-year record (Table 1) . These three families accounted for 73% of the established species listed in1970, 1980, and 1991, and about 56% of the species on the 2004 and 2013 lists. The family with the most species was cichlidae. They accounted for the most species on each list, increasing from 7 species in 1970 to 20 in 2013.
Discussion
The AFS lists of common and scientific names of fishes provide a baseline of data necessary to monitor quantitatively the number of non-native fish species established in the continental U.S. (about 10 species per decade). Incorporating temporal trends presented in this paper into future AFS editions would be an efficient way to monitor retrospective temporal trends in the number of non-native fish species in the continental U.S. Since the lists are updated about every 10 years, they do not inform intra-decadal changes and they do not provide real-time monitoring of newly established species. For example, the lists do not include species that might have become established and then extirpated during the years between consecutively published lists. Data collected continuously by the U.S. Fish and Wildlife Service, especially for freshwater fish, (Nico and Fuller 1999; Fuller 2003 ) may be useful for refining and improving precision of estimates in this study. For example, data in the U.S. Geological Survey Nonindigenous Aquatic Species database indicated about eight 8 new non-native fish species reportedly established per decade (P. Fuller, U.S. Geological Survey, personal communication) as compared to the estimated 10 species/ decade from this study.
The lists provide limited information on the distribution of non-native fishes within the continental U.S. Hawaii, Alaska, or U.S. Territories were not included (except that the 1991 edition provided a list of exotic fishes established in Hawaiian fresh and marine waters-but these data were not used in this analysis). The 2013 list included information separately for Mexico and Canada. These data could be the foundation for providing temporal trends beyond the continental U.S., and consideration should be given to including additional trend information in future lists.
This study assumes the AFS lists are accurate and complete. Their periodic revision by a committee of subject matter experts using the latest taxonomic information maximizes the likelihood that the assumption is valid. As such, they are reliable sources of information for management of non-native fish, including species identification and verification, risk assessments, prevention and response strategies, surveillance plans, and evaluation of management actions.
AFS also produces lists of names for crustacea, cnidaria/ctenophora, and mollusks. Publications for each of these taxa are only on the second edition, with the first editions published less than 20 years ago. As these lists are updated, they might prove as useful as the lists of fish names in monitoring trends in established populations of non-native species in the U.S.
The increasing trend in the number of known established non-native fishes in the continental U.S. will probably continue into the foreseeable future (DeSilva et al. 2006; Gozlan 2008; Gozlan et al. 2010 ). The underlying factors most often cited as contributing to geographic spread (i.e., more people in more places with greater demands for natural resources) are not likely to decrease (Miller-Reed and Czech 2005) . Expansion of aquaculture and use of non-native species for food and as ornamental fish appears inevitable (Rahel 2007) . Further, increased transport, introduction, and establishment of non-native fish are likely as we continue to modify our environment, globalize the economy, and respond to changing climate (Rahel 2000; Dudgeon et al. 2006) . It also seems likely that the number of documented established non-native species may also increase as an artifact of increased sampling effort as attention to the impacts of invasive species increases (Lockwood et al. 2013) .
The future rate of increase in newly established non-native fishes in the U.S. may, however, decrease. Fewer new species were established in the continental U.S. between 2004 and 2013 than during any previous consecutive period. This decline might reflect the decreasing support for the use of non-native fish in the U.S., a decrease in the construction of new habitats (i.e., reservoirs), increased management efforts to prevent introductions, or other factors. For example, none of the newly established fish resulted from the intentional stocking to create or maintain any sport fishery, as was done with butterfly peacock bass, orangemouth, or baidiella (Fuller et al. 1999) . Only one cyprinid (black carp) was added to the 2013 list, unlike in previous years when several cyprinids were used to control non-native aquatic plants. No new cichlids were included on the 2013 list, possibly indicating improvements in the availability, transport, and distribution of fish used in the fish-hobbyist industry. Additional research is warranted.
Converting trends in non-native fish species into trends in invasive (i.e., harmful) species is difficult (Parker et al. 1999; Lockwood et al. 2013 ). The effects of many non-native species on individuals, populations, communities and ecosystems have not been studied (Fuller et al. 1999; LePrieur et al. 2009; Cucherouset and Olden 2011) . But, even if the effects are known, the nature of the effects with respect to human perception and valuation is a topic of debate (Sagoff 2005; Simberloff 2005; Gozlan et al. 2010; Vitule et al. 2009 ). Brown and Sax (2007) concluded that although invading species are often accused of damaging the ecosystem structure and function, there is usually little scientific evidence of such negative impacts. Gozlan (2008) estimated that the probability of an ecological impact resulting from freshwater fish introduction is relatively low (around 6%). On the other hand, Sorte et al. (2010) stated that introduced species are recognized as one of the main anthropogenic threats to biological systems. Wilcove et al al. (1998) stated that the spread of alien species (not restricted to fish) is the second greatest threat to biodiversity in the U.S.
Natural biodiversity can enhance ecosystem resiliency and productivity (Lapointe et al. 2014) . Most studies examining impacts of non-native fish species on non-human components of ecosystems have focused on natural biodiversity (Raffaelli 2004; Clarkson et al. 2005; Worm et al. 2006; Cucherousset and Olden 2011) . The evidence that non-native species are a direct cause of native population decline is not without question (Gozlan et al. 2010 ). For example, Wilcove et al. (1998) concluded that non-native species are the cause of endangerment for 48% of the species listed under the U.S. Endangered Species Act. But, Brown and Sax (2007) concluded that alien species have undoubtedly contributed to the extinction of some native species, but the ultimate cause of extinction is often ambiguous because other human activities have had substantial environmental impacts. Regardless of the extent to which non-native species may be causing native species extinction, there is little doubt that biotic homogenization (establishment of exotic species coupled with loss of native species) is accelerating (Rahel 2000 (Rahel , 2007 Elvidge and Ricciardi 2007) . Fundamental to understanding the impacts of homogenization is an effective non-native species monitoring program, and this study has demonstrated that AFS lists can provide estimates of retrospective inter-decadal trends of established non-native species within the U.S. and potentially Canada and Mexico.
